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Answerany F21E (05) of the following questions, Al auestions carry cqual marks

1. &) What do you mean by equivalence estimator? Define the location and seale invariance of an
cstimator, minimum risk equivalence estimator, and Bayesian estimator.

b What do you mean by Pitman Closer and Pitman Closest Fatimator? What are the locations

and scale parameters?

o) Let X, .\, X, be arandom sample of size n from the density,
1
f(x;0) = 5:0 < x <20

Find the Pitman estimator for scale parameter 6.

2. a) Whatis the ellipsoid of concentration and Wilk’s generalized variance?
b) Discuss and derive Bhattacharyya's lower bound. Discuss Chapman Robbins and Kiefer

inequality with suitable examples.
¢) What s joint completeness? Let X;, X,.... X, be a random sample from,

1
f(x; 81,6,) = ——l0,0) (%)
62— 6

where, 8, < 6,.LetY; = min [X,,X,,...X,] and ¥, = max [ X, X,,... X, ]. Show that ¥}

and Y, are completely sufficient.

- 3. a) In what situations might bootstrapping be preferred over traditional parametric methods for
statistical inference? Describe the Bootstrap algorithm for estimating standard errors.
b) Given the data set: 10, 15, 20, 25, 30, use the Jackknife method to estimate the variance. Test
whether the Jackknife estimator of variance is unbiased based on this data. Also, construct 2
95% confidence interval for the Jackknife estimator of variance. ’
¢) Distinguish between Confidence Interval and Credible interval. Let x,, x;, -+, %, be a random

sample from N (O, 0'2). Find a large sample confidence interval for o with an approximate
confidence coefficient 1-a .

4. a) Define Bayes factor. When should one use a Bayes factor instead of p-values for hypothesis

testing?

b) Show that Bayes factor in fa
of alternative and null hypothesis.

¢) Suppose X~N(0,2). Assume that Hy,

i, find Bayes factor in favor of Hy and int
Ifn = 10,% = 1, obtain Posterior odds in favor of Hy.

vor of alternative hypothesis is nothing but the likelihood ratio

H,are equally likely. To test Hy:0 = 0v.s. Hi:0 =2,
erpret the result.

ii.
dence belt and confidence interval.

b) Define uniformly most accurate unbiased (UMAU) family of confidence set with example.

¢) Imagine a factory where the time taken by a machine to produce a widget is believed to be
exponentially distributed with a parameter . After observing the machine's performance, it's
deduced that the time 7 to produce a widget is governed by:
ft]6)=38¢7" >0

evious data, the factory manager believes that the parameter
a recorded production time

5. a) What is confidence sct, confi

o itself has an exponential

From pr .
distribution with a parameter of 4. Given 1, what is the posterior

distribution of 67



a)

b)

2)

b) Let o, and f3, be preassigned proper fractions in SPRT defined by 4, = W =72

©

What do you mean by Conjugate family of distribution? Show that family of univariate
normal distribution is closed under multiplication.

Explain the concept of a conjugate prior in Bayesian statistics. Provide an example of a
likelihood function and find its conjugate prior, interpret how the conjugate prior simplifies
the process of updating beliefs with new data.

Define Jaffrey's’ Non-Informative prior. Show that Jeffr
with parameter @, is nothing but a proper Beta (1/2,1/2) Distribution.

ey’s prior of Bernoulli distribution

Define Most Powerful Test (MP), Uniformly Most powerful Test (UMP), Unbiased Test. If

UMP test exists, discuss any technique or theorem to find it.
Let X,,X,,..., X, be a random sample from N(0,0), where @ is unknown. Show that, there

is no uniformly powerful test for testing the simple hypothesis H, : 6 = 0, where @' isafixed

number against the alternative composite hypothesis H, : 0 # g'.
Let X have the PMF f(x;0)=6*(1-6)", x=0,1, zero elsewhere. To test the hypothesis

|
H,:0= sz. H :0 <%by taking a random sample of size 10, show that, the best critical

10
region is Z x, <1 and also a UMP Test. Also, find the power function y(@), 0<0< % and

i=1

draw the power curve.

What do you mean by Wald's Sequential Probability Ratio test? When would you choose a

sequential sampling approach over classical fixed-sample approach for hypothesis testing?
a, e l-«,

>

B. .

-,

(24
show that « < Z—, B <

=7
Suppose, X~Poisson(0). Find the sequential probability ratio test for testing. H,-6 =0.02

against H, :6=0.07. Show that this test can be based upon the statistic ZX L Ha,=020

i=1

and B, =0.10, find c,(n)and ¢,(n).
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|Answer any five (05) questions. All questions carry equal marks]

a) What do you mean by multivariate analysis? [Tow can researchers use multivariate analysis
to make a productive analysis plan?

by Let Xy, X3, ..., X, are independent and identically distributed (IID) with N,(0, ). Find the
maximum likelihood estimate (MLE) of X. Show that it is an unbiased estimator of X.

3 00
Let Xbe Ng(u, X) withp =[5 3 2]and X = [0 4 1],
01 9
(i) Are % and X4 + X3 independently distributed? Explain.

(i)  Find the conditional distribution of X; given X; — 2X, + 2

2, )’ How can you access the assumption of multivariate normality? Describe. Discuss the steps of

detecting outliers in a higher dimension of the multivariate data set.

}ﬁ If X4,X5,...,X,, be independent observations from a population with mean y and finite

a)

b)

'C)

a)

b)

©)

covariance X, then show that n(X — p)’'S™1(X — p) is approximately distributed as x5 for
large n — p.

?

¢) What are the most common multivariate quality control charts? Def' ine them with their uses.
Construct a T2 chart for the data in Table 1. Use a = 0.01. Hence , comment.
Table 1: Two measurements of stiffness with bending strength.

x; 1232 1115 2205 1897
Xy 4175 6652 7612 10914

Where, x; = stiffness and x, =bending strength are two measurements in pounds/(inches)?
for a sample of 4 pieces of a particular grade of lumbers.

Explain the use of distance in multivariate analysis. Which distance is more preferable in
statistics and why?

Define Hoteling T? statistics w1th its applications. Let X4, X3, ..., X, be a random sample
from Ny (m, Z), then show that T2 can be expressed as a function of Wilk’s Lambda.
What do you mean by confidence region of p, where X~N,(p, X). Construct the 95%

confidence region of u for n=40 pairs of observations having,

0.567 [0.014 0.012]
0.603 0.012 0.015
Hence, check whether, p’ = [0.560 10.580] is in that confidence region.

Define the multivariate multiple regression model. What are the advantages of the
multivariate multiple regression model than its counterparts? o
Suppose the maximum likelihood estimator of P =[P iBz i} Bl is B=
(Z'7)~17'Y determined under the multivariate multiple regression model with the errors &
have a normal distribution and the design matrix Z having full rank (Z) = r+1n=
(r+ 1)+ m, then show that B has a normal distribution with E(@) =B and
Cov(Bi, Bao) = ou(@Z'D)7Y; ik =1,.

Sup}ggs(: ?(()k)/zmul:l;fx w)mpamcs sales dnd profit are two responses u,gressed on the

. 1.
covariate asset, specify the mathe smatical form of the multivariate multiple regression mode
How could you test Hg: B = 0 for the model.




5. a) What is principal component analysis (PC'A)? Describe the advantages and disadyant
e o axnlat s role of g N il HPNE S sadyantages
PCA. Also explain the role of PCA in multivariate analysis with suitable example o
9 N e N ' a Z
b) Let X' = |.X|,X2,---,X|,.| have covariance matrix ), with eigen value-ei
Ay o0 (hg. € " gen value-eigen vector pairs
1€ »( -Z:Lz)p"‘r()\ppep) WI\CTUA] ;_’_)Ll -] ---;Lp e | lCtY1 ,.e’x Y. e,x
A 2 N— " = ¥ 2 = €y s =
epX be the principal components. Then b
p p
oy + 0+ +o,, = ar :
n"EVllx = _E: )
V| £y ar(X) =A + Ay 4+ lp = Val*@(‘i)(,‘f'\
¢) Determine the population princi p e
ilation principal ¢ ) ¢ ; ;
I pal component Yyand Y, for the covariance matrix

o (5 2)
= /“'
Also calculate the proportion of total p(i‘)ul fiz ; '
a ation covariance explaine irst princi
omonent covariance explained by the first principal

6. a) Define canonic i '
ical correlation and canonic: riable i
canonical correlation analysis? State df(‘{‘ i3 s th? PRIPosS of PeroTeE fhe
anislysis, prove all the properties of canonical correlation
b) Suppose
p<q and p{’=pi2> *2 ;
2y w1y z—1/zpl = P22 ..2p," be the p ordered eigenvalues: of
fuf 12f 22 Z21 X5;"" with corresponding eigenvectors ey, e5,...,€,. Also let
1, f2,..., fp be the eigen vector: =1/2 -1 -1/2 .
o 512 3 s sof 25" ¥p1 X137 Zqz X5," ", Where each f; is proportional
22’ Z21 Xiie;. The random vector X and X® have covariates £,; and Z
res, i i 1 22>
3 P ictzlvely with Cov(X( )i/),(z(Z) ) = X15. Then show that the k'™ pair of canonical variates
=12,..,p, U = e X, ) _ gry—1/2 PR 2
© Use Bartlettpt - k = erZ; XM and Vi, = £i25,7“X® maximizes Corr(Uy, Vi) = pi
est to find the number of significant canonical correlations for the following

studies,
() Withn=456,p=4,4=5p;= 0.67,p5 = 0.23,p4 = 0.07 and p; = 0.03.
(i) Withn = 744,p = 6,q = 4,p} = 0.46,p3 = 0.38,p5 = 0.12 and ; = 0.04.

7. a) Whatdo youmean by discrimination and classification in multivariate analysis? What are the

goals of discrimination and classification?
for two multivariate normal populations. Also,

b) Discuss Fisher’s linear discrimination function
describe the allocation rule based on this function. 9 7 6 9
37 69 111[24 %1‘/{5 7
Consider the two data sets, X3 = [24 and x; = [57 4 7 4 ¢
4719 i 48laxn. [
porwhih, = [2).7 = 5] 1S = 3] Csfhal,

(i) Calculate linear discrimination function
(i) Classify the observation xy = [27] as population /Ty

suitable rule.

or population [T, using any

analysis? When should it be used instead of factor analysis?

and similarity measures?
Justering algorithm? Describe t

8. a) What do you mean by cluster
What are the different distance

b) Whatare the different types of ¢ hem in brief.

+ ¢y Consider the matrix of distances
¥ A 1 2 3 4
1 |0
2 |1 0 .
3 |11 2 0
4 5 3 40

sing each of the following procedures.

hierarchical procedure.
ierarchical procedure.
hical procedure.

nd compare the rest

Cluster the four items U
(i) Single linkage

(ii) Complete linkage h

(iii) ~ Average linkage hierarc

i (Q), (ii), and (ii1)-
(iv)  Draw the dendrograms & Its in (i), (11), and (iii)
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Answer e (!
[Answer any five (05) questions. All questions earry eqqual marks|

A, Ixplain the term (1) T ot (1) Pxperi
cm}‘t ¢ term (1) Treatment (i) Pxpetimental unif (iii) Yield (iv) Block (v) Fxperimental
b, Dcscnbf‘ ”TC coneept of all basic principles of the Design of experiment. Write down hos
l{lcsc principles are applied to provide valid interpretations of data. | R
c. 'hT compare the four mixtures, three different samples of propellant are prepared from each
mixture and readied for testing. Each of the three investigators is randomly assigned '(’”;(‘
sample of each of the four mixtures and asked to measure the propellant thrust‘ These d'u;
are summarized next. R

Mixtures —— ___l_migsilga to; 7 i
1 2 3
1 2,340 2,355 2362
2 2,658 2,650 2605
3 24 2458 2560
4 TT2403 2410 2418

- i.  Identify the blocks and treatments for this Ek‘pcfihc;tal-&esign.

ii. Indicate the method of randomization.
iii. Write down the name of the appropriate design for this data. Explain the reason for your

choice.
iv. Conduct the ANOVA table for the data set when the observation for 3" mixtures and

27 investigator is missing.

a. Define variance component analysis. Write a random effect model and its assumption for
two-way Classification with a single observation per cell. Conduct an ANOVA table and

ance components. Find the variance of the estimates. '

b. The management of a pouliry farm collected 10 varieties of dry concentrate for chicks of 7
different ages. Each concentrate was continued up to the age 45 days of chicks concentrate
to the chicks and 5 varieties of dry concentrate and 4 different ages were randomly selected.
The concentrates and different ages were given and then the weights of the chicks were
recorded. Based on this information complete the following table and find the variance of the

estimate the vari

estimates - I ——
' SV df SS E(MS) v
g - sS4l T -
Concenfrate - 2.17 - -
Error - 0.55 -
Todd - -

jown the reason why Latin square design is called

tive study between LSD and Graco LSD.

SD with k treatment, state, and
Set up the ANOVA table and
| the efficiency of this

Define Latin square design (LSD). Write ¢
incomplete block design. Make a compara
b. Conduct a layout plan for the Latin square design (i.c.,) l
explain the model of this design with necessary assumptions. Set
write down the decision rules for testing different hypotheses. Finc

design compared to CRD.



4. g, What do veu mean by analy sis of ¢ ovatianee (ANCOVA)? Give an example whiere it 15 used,
e Net up a mathematical model for ANCOVA in RIVD with two concomitant varnables and

discuss the analysis procedure of sach data

S What s split plot design? Discuss how it differs from tandonuzed block design and
contounded design. Mention the situation where a apht plot design 4 used
b Discuss the procedure of analyzing data obtained from a aphit-plot design with two Factors

PI'CP.\H‘ the ANOVA 1able.

& What is confounding and what ac its necessity? Discuss different types of confounding with
\‘\.anl\‘x

b Discuss the block consist of 2" factorial experiment i ABCD and AC interactions are
simultancously confounded in the same teplication. Discuss the procedure of analysis of data
to test the hypothesis.

7. a. Define an meomplete block design. When incomplete block design becomes balanced. For 4
BIBD with the usual parameters, show that
LA =D =rk=1)
n b>v
. r >k
b. Describe the procedure of analysis of data obtained from a BIB design. Construct a layout
plan for a BIB design having parameters b=v =1 lLr=k=5,A=2.

8. a. Define Concomitant variables as well as analysis of covariance with examples. Give an

example where it is used. Write down the difference between the analysis of variance and the
analysis of covariance. ( ‘

b. A feeding trial experiment was conducted to compare the effects of two different feeds on
the weight gain of goats in a firm. Feeds were given to selected goats for 3 months and gain
weight was recorded. Tabulated results of the experiment showing initial weight X (in kg)

and gain in weight Y (in kg)

Fy F,
".‘ X y X Yy
' 5.5 1 75 25
6.5 2 5 1.5
' 4.5 1 6.5 1.8
75 1.6 6 2.0
CTotal 24 56 25 18

1. Write down the appropriate ANCOVA model for this data. Justity your choice.
ii. Complete the ANCOVA 1able.
iii. Conduct a test procedure o test whether two foods are the same.
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|Answer any three (O gquestions, Al questions carvey equal marks)
1. (0 What is the major objective of using probability propottion to gize (PPS) sampling? Fpla
. .y \ . i & & " ' & . "
in bricl, List a few situations where probability to gize with replacement (PPSWER) sampling
can be used in actual practice. Also, disenss at least one method of selecting a sample h)
PPSWR sampling, ‘ 1
(b) Let there be a population of N units and we want to seleet a sample of nounits, For this
selection, the population is randomly divided into n pgroups of sizes Ny, My, .., N,y such that
T - TR S— i . ) . ' ' l o
Y N = N For the first group, we select Ny units out of N units with SRSWOR sampling,
Then the second group, select Ny units out of (N = Ny ) units with the same sampling scherne
and so on. Then one unit is deawn from cach group with probability proportion to size of the
units in that group. For this schema, show that (under usual nofation) an unbiased estimator

of population total is given by

~ Vi =
\ Y:::Z—-ﬁ:——’ ‘[i::ZP”
i=1 (:C—i') /ENl

Also, give an expression for the vnbiased estimator of V(V).
(¢) Find the gain in efficiency due to sampling with varying probability over simple ranc

sampling with replacement (SRSWR).

fom

' 3. (a) Describe asituation where two-stage sampling is appropriate. Explain the difference between

stratified sampling and two-stage sampling.
(b) Prove that the mean per sccond-stage unit in the sample is an unbiased estimate of the

population mean for two-stage with equal first-stage units. Also, obtain the variance of the

estimate of the mean.
(¢) Find the best possible first-stage units in two-stage sampling.

3. (a) Under what circumstances successive sampling is used? Give example.
(b) What are the reasons for using sampling over successive occasions?
(c) Suggesta best linear estimator of a population characteristic (e.g. mean) on current 0ccasion.
Verify your proposal. Find the optimum size of unmatched sample on the second occasion.

e sampling? Explain the situation where double sampling is

4. '(a) What do you mean by doubl
g designs. What are the negative features of double

’ necessary compared to other samplin
sampling? Explain them.

(b) If the sample is random and size n', the second sa
1 and v, are fixed, then

stimation. Show that,

mple is a random subsample of the first
size Ny, = 1y, where 0 < vy < show that ¥, population mean in
case of double sampling for regression method of ¢

. 1 1 WpSh (1 2 . .
T Y= 62[=~== NV /BAM/ sre §2 i y : .
v(Jg) =S (n, N) + 2R (vh 1), where §# is the population variance.
ister sampling with unequal cluster size? Let M; be the

5, (a) What do you mean by single-stage clt
er. Draw a sample of n clusters with probabilities

sumber of elements of the ith clust
proportion to their sizes M; and with replacement.

(b) Supposc that a sample of n cluster is drawn with probabil
ssedd estimator of population total Y is

" M

itis 7 = % where M, = L2y Mi
Mu

and with replacement. Show that, an unbi ¥=

-y y; Alsa, find the sampling variance of Y.
i

i=1



il
e

dnhangirnagar Unlversity
Department of Statlstles and Datn Sclence
Part 1V B.Se, (Hons.) Final Examination 2022
Course Title: Dot Mining Course Code:  5TAT-105
Time: 2.5 Hour Iull Marks: 35

[Answer any three (03) of the following, questions and all question carries equal marks, |
. (a) What is meant by Data Mining? Bricfly mention the Data Mining development and explain
the different data mining tasks with examples.
(b) Explain the different types of Knowledge Discovery in Database (KDD). What are the

different types of data in Data Mining? Briefly explain with an example.
(¢) Briefly discuss the different types of Similarity Measures used in data mining. Is Correlation

a similarity measure? Why or why not? Explain.

ﬁ{ (a) Define naive Bayes classification, and what makes it “naive” in its assumption?
(b) The following data describes four characteristics from the all-electronics customer database

ID Age Income Student Credit_rating
1 Youth High No Fair-v
2 Youth High No Excellent
3 Middle-aged  High No Fair
4 Senior Low No Fairp”"
5 Senior.’ Low Yes Fair y<—
6 Middle-aged Low Yes. Excellent

7 Senior.  Medium  Yes. (Excellent w

8 Youth Medium No Fair v

9 Senior High No Fair __
10 Youth Medium Yes Excellent
11 Middle-aged High Yes . Excellent
12 Senior | Low No. Fair® —
13 Youth High No - Fair -

Calculate the following terms from the above dataset usmg income and student: Information

gain, gain ratio, and Gini index. oenz\d,m areadit Turirg  ay He alask \A\oaq
(¢) Briefly explain the concepts of ID3, C4.5, and CART. A.HT’\ wié

a) What is meant by Artificial Neural Network (ANN)? Briefly explain the different steps of
ANN.

(b) The following result (Table 1) was found for test data after applying the k&-Nearest Neighbor
(KNN) algorithm to the atmospheric data from a region of Bangladesh to classify the raintall
(RAN) [No Rain and Trace (NRT), Light Rain (LTR), Moderate and High Rain (MHR)]
based on Temperature (TEM), Dew Point Temperature (DPT), Wind Speed (WIS), Humidity
(HUM), and Sea Level Pressure (SLP) for the optimal value of k=9 and Seventy percent
observations were used as training data and the rest of data as test data.

Table 1: Confusion matrix for the test data.

Predicted ——.[
Category | LTR | MHR | NRT |
Actual | LIR | 65 E | 0w
MHR 12 53 | &%)
NRT [*8 | 0 | 73 |
1)  Whatis lhe actual number of observations?
ii) Find the prediction accuracy rate and error rate for test data.
iii) Obtain the value of Sensitivity, Specificity, and Fi-score for each category LTR,
MHR, and NRT.
(¢) Describe the backpropagation method of training an artificial neural network.




Ql. (n) W hat a8 meant by Aswon iton vode Y What arve the difterent typed ol assn ittty ele algonthn!
Phscuss any one alponthm form the aesociation mite algorithims Alsa, write down the
whoantage and disadvantage of thes algonthm
(h Supypose there sre wo items, | \.Hf'\\\\ e A B haaapport of P30 and a contidence 6077
Recanse these values are hagh, a fypu Voo ation rule alponthom |"i'."1l‘|/ vemhl dedh
thes 1o e oa valuable mate However, of the |‘ml' ity ol proechase e B 10", then w

that the probability of poarchasmg B has gone down, presumably ecanse £ was pur hased
Fand B, chisguare, all contidence, max confidence, Kale sy, comane, correlation and
Imbalance ratio Comment on vour result

A database has five transacthions. b et minmmum support, s = 60%, and mmm confidens
(¢) @ = 809,

i 1o | items bought

[ T100 ! {IM, O, N, K, I, Y}

T200 | {D.O.N,K, I, Y}

T300 | {M, ,\ I\ E}

T400 | {MLULCK YY) |

T500 [ {COK LBy |
Find all frequent itemsets using, Apriori.

Q5. (a) What is web mining? What are the three main categorics of web mining? Provide a bt
explanation of each category.
/DT Apply k#nodes (,lusteung algorithm to divide the items into k= B clusters. You should use the
items (ID-2), (ID-4), and (ID-6) for the initial clusters.

ID 1 2 3 4 5 6 m_ 7
Gender M M F F M F M
Product

Electronic Clothing Clothing Electronic Clothing Clothing FElecironic
category

(¢) Briefly expldm the text Mining, Spatial Data Mining, and Temporal Data Mining

S
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Answer any Five (058) questions from the following,

1.

\‘llppn\' -] T s n r
v se that T is [ varinb 8 i v / viva
a random variable ropresenting sur fval time and that 7' has |).(|4|‘ 1~(’.) and survival

function S, ().
frit) 4

Prate . \ Aeafinif . .
Write down the definition of the hazard function hy (1), snd hence ahow that h'l'(’-) -~
S'r(l)

b)  Show that,

d
hy (L) = ~?ﬁlog Sp(l)
and hence i ime
: hence describe how you would use an estimate of Sy(t) for a particular dataset, to assess
M 3 H . ’ B )
whether an exponential (constant hazard) model is appropriate.

) The operating time until failure (in hours) of particular LEDs are modelled as observations of a 6
random variable T with hazard function

1
| ha(t) = Bt

where f > 0 is a parameter of the model.

If g = 0.02, calculate:

1 The probability that an LED operates longer than 400 hours before failure,
ii.  The time by which 90% of LEDs have failed.

2. a) An engineer is investigating the failure times of a particular type of electronic component and 5
-proposes to model failure times as observations of a random variable T. The engineer proposes
the following

F -
! i f hr () = 1 E’t
for some parameter £ > 0, as the survivai function for T
_va_e a reason why this function is a valid hazard function. Show that the survival function for T
is given by

1
Sr() = a+of

and find the corresponding density function. ;
b) A sample of such electronic components is tested over a period of P hours, during which time 6

m of the components were observed to fail. The remainingn — M components had not failed at
P hours when observation ended. For each failed component, i = 1,...,m, the observed failure

time is denoted by ¢; -
Show that the log-likelihood L(B) is given by

1(B) = mlogp — (n —m)p log(P + D-B+1) log(1+t;)
i=1

. And find expressions for the maximum likelihood estimate f of B and its standard error.
¢) Suppose N = 12,m = 3,P = 1000,t; = 200,t; = 800 and t; = 800. Find [? and an
approximate 95% confidénce interval for f.

3

\

3. a) Define the proportional hazard regression model. Derive the likelihood function for this model. 6

Also, show that the Weibull distribution belongs to the proportional hazard family.
b) Explain the estimation method and inference procedure for proportional hazard regression model.
¢) What are the advantages of the Cox perortional hazard model over logistic regression?

mes (in months) were recorded

4. Tn a study investigating a new treatment for chronic reflux disease, ti
apse (subsequent onset of

between a patient finishing a successful course of treatment and having a rel

symptoms). The following data were the recorded times for 15 patients, 8 + indicating a right-censored
observation.

6+ 12 26+ 37+ 20+ 19+ 6+ 7 22 12

a) Calculate the Kaplan—Meier estimate for the survival function of the ra

time to relapse. Sketch the estimate on a suitable set of axes (a very

required, but you should label axes and show any points of discontinuity clearly).

22 19 13+ 21+ 2%
ndom variable representing 6
accurate sketch is not
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J " | e vy ol dieawe ) entie
ANTIRT S hLL | 1h ey i <
4 1 -
o) e do oyom delime diseas S echons? aphan the components ob i deiease boctions 3
et Yo ribse 1he (licr aee 11 s . \'\‘.\‘ : ¢ ‘ l!‘:l‘ \ ,.!’
Hh =) Dy e cobust (ruk)\n,Jp:-\ Iastingosh betw cen logod cobart sndy and onen oot / s

W hat Jdo oven mean by ias? What are the different types of base 7 Fapban ditfbornt typ

svatemabic crrors observed m eprdemiologcal studies

b)Y What s schalihiy, precasion and accuracy” What do you mean by provales S VAEY ‘
relationship between prevalence and the predictive value ol a test” Dosenbe waith an cvsmn
<) An avestigator evaluated 100 patients sulfering from major depression as conbi vy s

attendme psychatnst, The results are as follows:

. &) Wnrie down the differences between incidence and prevalence. Fstablish the relationshin betw e
prevalence and incidence.
b) Esumate the Variance and Confidence Interval for the Prevalence with the usual notaiion.

-

¢) Compare the prevalence and incidence rates of the given condition in two different popuiatons. 3
Population A: Initial prevalence of 120, incidence of 15
Population B: Initial prevalence of 80, incidence of 25.
Discuss the implications of these differences.
8. =) Wnoaidoyou understand by incidence density” How does it differ from incidence, explain with an
example. _ :
b) What do you understand by standardization of discase occurrence? Why if is umperiani in 4
Epidemiology? _
00 men who are on a low-rat Jdict o

15 the study, 100 men with high-fat dicts are compared with |
ctart at age 65 and are followed for 10 years. During the follow-up peried, [0 0
e proup are diagnosed with prostate cancer and 3 men in the low-tat miake

<)

Both groups e 1
the high-fat nak
develop prostate cancer. Compute 05% CI for incrdence densiies

group
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Answer any Three (03) questions from the following,

Q1. (a) What is demographic transition theory? How many ways it can be classified?
(b) Explain different stages of demographic transition theory.
(c) Can you fit Bangladesh in any onc of these stages of transition theory? Explain your
answer.

Q2. (a) What is urbanization? lTow tempo of urbanization differ from the degree of
urbanization? ‘
(b) Measure the tempo of urbanization if the annual average rate of change in the
population living in urban areas is assumed arithmetic.
(¢) Define city size distribution. What can we know from this distribution? If z = 2.25
(the largest city is Dhaka and the smallest city is Mymensingh), what does it mean?

Q3. (a) Is there any difference between parity data and age-specific data? Based on your
answers, do explain. Why is parity data used concerning the Gompertz model?
(b) Please use the given data and direct formula (let, f=1.1845) and fill up the empty
column from parity data using the Gompertz model. The information is given:

Y Qﬁfp Tndex (i) A;:gge v.(i) | Y@=? | FO=? { fii)=? {
[Los [ 1 | o2 D82 — e———
[ 2520 | 2.18 0.7000 | \ \
4 2.89 1.4787 | | \

— 3.43 2.6260 \ | \

F40—44 G 3.93 4.8097 \ | A
4549 | 7 4.46 : | \ |
[ Total | \ \ 4\

o

(¢) From the cumulative fertility rate and age-specific fertility rate column', explain an
comment on the results of both columns.

Q4. (a) What is adult survivorship probability? Also, estimate it for females based on

proportions not orphaned.
(b) Based on the given table, calculate the mean age at maternity and w.‘eighing factors,

including comments.

Age'group Mother Mother U:nkn()\ivn No. .of. children
of . dead maternal orphan- born in 7 age
respondents ’ s hood status group of mothers
15-19 5540 | 448 6 136
20-24 5995 541 10
25-29 2886 769 8
30-34 1910 852 9
3539 | 1661 234 | 11
| 4044 | 1027 1273 | 7
4549 | 855 | 155 | 6
50-54 369 1243 6
(¢) Also, calculate fema]égsurviv;r-ship probab'l;ﬁt}_l—)y using (b) when age n = 40 with
comments.

\



Q5. (a) Supposea couple has 3 children (2 sons and 1 daughter) with a wife aged 48, What
is the value of TFR, GRR, and NRR with explanations?

() You know, there are several proximate determinants of variables of estimating
fertility, why does Bongaart use only four variables? [istimate the four indices with
comments based on the given values, such as TFR=2.7, TMFR=4.2, u=0.581,

: c=0.88, i=5.8, and TA-0. 18.

(¢) Show the impact on fertility reduction
more for reducing fertility.

and identify the variable that is responsible
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Answer aty Thre
nswer any Three (03) questions from the following,

I. a) Define the Stochastic Proces i i .
: g S8 with a suitable example, What are the diffe ey
Sehtic IMocess? ple. What are the different types of
m Ty Stationagity s i - T ; ’
\.\'h_\ ! ; wity is important in Stochastic Procesa? Let X(t) == Ag + Ayl -+ Aut?,
where A d = 0,1,2 are uncorrelated random variables with mean 0 and variance 1.
Find the mean value function and the covariance function of {(X(t),t € T}.
. I'
() Define Martingales Process. Let Z;; i = 1,2, .. be a sequence of i.i.d. random variables
" oV - p . " w .
with E{Z;) = Land let X,, = [Ii%, Z;, then show that {[X,,}n _qisa martingale.
2. (a) Define the birth and death process with an example. Discuss the relationship between

state transition probabilities and birth and death rates.

(b) State and derive the Kolmogorov’s backward differential equation. Also, derive the

backward differential equation for the birth and death process.

(¢) Define continuous time Markov chain. How will you find the limiting probabilities of

the continuous-time Markov chain? Show that, for a continuous time Markov chain,

the rate at which the process leaves any state j equals the rate at which it enters the
state.

3. (a) When is a Counting process said to be a Poisson Process? Find the distribution of the

(b)

(©

4. (a)

(b)

3
(c)

number of arrivals in a Poisson Process.

If{N(¢t), t = 0} is a Poisson Process with rate A > 0, then prove that for all s > 0,t >
0, N(s + t) — N(s) is a Poisson random variable with mean At.
Two types of claims are made to an insurance company. Let N;(t) denote the number

of types i claims made by tiir%e t, and suppose that {N; (), t = 0} and {N,(¢),t = 0}
are independent Poisson Processes with rates A; = 10 and 4, = 1. The amount of
successive type 1 claims are independent exponential random variables with a mean
of $1000 whereas the amount from type 2 claims are independent exponential random
variables with a mean of $5000. A claim for $4000 has just been received; What is the
probability it is a type 1 claim?

Define the M/M/1 queuing model. State the assumptions of the queuing process. What
do we measure in the queuing process?
For the M/M/1 queuing model, find the distribution of the time an arriving customer
spends in the system, X. Hence, find the average amount of time a customer spends in
the system.
Suppose Agrani Bank, JU offers one service counter for the students at the university.
et students arrive at the bank at random at an average of 15 per hour. If the service
time has a negative exponential distribution with a mean of 3 minutes; find,
(i)  The average time a student in the queue

(ii)  Average time a student waits before getting service

(iii)  Servige utilization rate.

(iv) + Find the probability that an arriving student has to wait more than 3 minutes

in the bank.



5. (a) Define the Renewal Process. State and derive the distribution of the Renewal Process.
(b) What is btoppmg Time? Show that for large t, the number of renewals per unit of time

(©)

converges to ;

Potential customers atrive at a full-service, one-pump gas station at a Poisson rate of
20 cars per hour. However, customers will only enter the station for gas if there are no
more than two cars (including the one curr ently being attended to) at the pump.
Suppose that the amount of time required to service a car is exponentially distributed
with a mean of five minutes. ‘

(1)  What fraction of the attainment’s time will be spent servicing cars?

(1))  What fraction of potential customers are lost? .
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ree (03) questions from the following.

Answer any Th
istics in the field of Bioinformatics?

roles of Stat
nd Chromosome. Why

What are the important
Distinguish among deoxyribonucleic acid (DNA), Gene a
DNA is called the carrier of the genetic information? Explain.
Define the following terms:
i) Inheritance pattern, ii) Trait, iii) M\‘J,tation, iv) Crossing OVer, v) Haploid
and vi) Diploid f
How do two DNA segments differ? Expfjain
11 the possible types of genotypes for

suitable example, explain a
¢? Distinguish between genotype

the central dogma of a life. With a
a diallelic locus.

What do you mean by locus, allele, and génotyp !
and phenotype. |
What is pedigree? Write

with pedigree:
(1) X-Chromosomal dominant inheritance.

(i1) Y-Chromosomal dominant inheritance.
trance function. Acute Lymphocytic Leukemia (ALL) is a rare form

down the characteristics of disease transmission pattern

Describe pene
of Leukemia. Let the prevalence of roughly 1 in 30,000 persons. Also, assume
follows an autosomal dominant inheritance pattern
85% of individuals

that the disease transmission
in a familial study. If the pe
carrying the disease-causing a
hence interpret.

netrance is reduced with about

llele, calculate the genotypic risk ratio (GRR) and

What is a recombinatibﬁ‘fl{mction? Mention the Mendel’s law of independent
assortment for two genetic loci. How would you apply the penetrance function o
ily with four generations?

model the dominant inheritance pattern for a fami
Explain a diallelic locus.

What is reduced penetrance pattern? Define GRR, and hence

for an ancestry
introduce its function to model a particular ancestry pattern. -
Compare the fd’l‘lowing two anc ct to the charactersics of

estry charts with respe
disease transmission pa

tterns over the generations.
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4.

5.

(a) Distinguish between: i) the Similarity and homology of DNA sequences, ii) global

(b)
©

@
(b)

(©)

and local alignment. What is the multiple sequence alignment (MASA)? Mention
some available approaches for applying such alignment.

What is genotyping? Mention some genotyping methods known to you. Classify
the mentioned methods according to the feature of “Throughput”. How would you
select the best one for your analysis from all the genotyping methods available?
Define the Next-generation sequencing (NGS). Write down the important

characteristics of NGS.

What is a genetic marker? ‘Write down the properties of a genetic marker. How
can you check the quality of the genetic markers for your analysis? Explain.
Calculate the heterogeneity of a marker for the following cases,
(i) The major allele frequency is 0.7
(i) Both the major and minor allele frequencies are the same.
Let, the genotyping of n individuals yield the following genotype frequencies,

P(4,4,)=0.49, P(4,4,)=0.42, P(4,4,) = 0.09, respectively with alleles A,
and 4> . What are the allele frequencies if the population is in HWE?

w}l"

p/
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Answer any Five (05) questions from the following.

1. (8) Mention different types of response variables nsed in modeling repreasion type model, Conaider
a multiple regression model with three patameters The null hypothesia is, Hy: o ff,. Use the
Wald test and the Lagrange Multiplicr test to assess this hypothesis,

(b)) Suppose you have a datoset following a Poisson distribution. Two models are considered:
Mndgl A \\'nh‘m‘n: parameter Ay and Model B with two paramefers Ay and a,. Perform a
!Jkrhhumi Rn}m lest to determine if adding the second parameter in Model B significantly
improves the {it compared to Model A.

2. (a) List out the assumptions needed. for measuring Spearman's rank correlation and Kendall's tau-b
in the context of ordinal data.

(b) Consider a study that examines the relationship between the frequency of exercise and the

perceived level of fitness among a group of individuals. The data consists of ordinal variables.

Compute Kendall's tau-b for the association between exercise frequency and fitness perception.

Participants Exercise (X) Fitness (Y)
1 3

2 1 2

3 3 4

4 3 3

5 2 3

6 3 4

(¢) Consider a study that investigates the effectiveness of two different teaching methods, A and B,
in improving the pass rates of students in a particular course. Construct a 95% confidence

interval for the difference in proportions (p, — pg). Interpret the interval in the context of the
study. The data is as follows:
Methods A Students=150 Passed=85

Methods B Students=120 Passed=80

whether their treatment their

3. (a) A sample of psychiatric patients by their diagnosis and by
confidence interval for the

treatment prescribed drugs. Construct and interpret a 95%
population odds ratio. The data are as follows:

Diagnosis Drugs No Drugs
Schizophrenia 100 12
Affected disorder 12 5
Neurosis 18 24

(b) A study is considered to compare radiation therapy with surgery in treating cancer of the
larynx. Use Fisher’s exact test to test H,: 6=1 against H;: 0+1.

Cancer Controlled Cancer not controlled
Surgery 4 3
" Radiation therapy 3 2

(¢) Consider a study that examines the relationship between two categorical variables, Gender
(Male/Female) and Smoking Status (Smoker/Non-Smoker), in a sample of 500 individuals. The

observed counts are as follows: -
Gender ~ Smoker ~ Non-smoker
Male 60 140
Female 40 w0

4. w What is meant by Generalized Linear Models (GLM)? How do GLMs extend ihe linear
regression framework to accommodate non-continuwus response variables? In a GLM, explain
why the coefficients are not direetly interpretable on the scale of the response variable.

A In the context of a binary response variable, compare and contrast the logit, probit, and

complementary log-log link functions. Provide insights into when each link function might be

preferred. of
(¢) Explain how you would assess n ¢

using the deviance as a measure of model fit.

the overall fit of the GLM to the data. Suggest one limjtatio
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3. (
+ (a) Provi i
ide a detailed explanati “the fi
: anatto ; 3 \ANCE S laaiatic T ; : .
it fiowt fhear l'Cgl‘cw:on i n‘lull the fundamental ‘un’wcpl,s of logistic regression, Differentiate
P $ nd elaborate on how logistic regression models the probability of an
(b) :
Logistic regression fumber of obs « a0
LR ¢hi2(5) < 11.35
s chi 0.
Log likelihood = «117,6363% :,Q:::d:, ;1‘ ¢ 2.;:::
R ‘nx ,O.d{h ratio  Std. err. 7 p;.]ﬁ [9',% conf. Inlo-rv’;’nl’]
Retirement_condition ’ ) v saad oG
Yes 1.617793 . 5948063 1.31 2.191 .7869838 3.325678
medical_support_family L
Fairly .7113421 .302015 -0.80 0.422 .3095161 1.634334
None 1.172798 .6554401 i 0.29 0.775 .3922049 3.506979
social_involvement
Yes .4882701 .1995164 «1.75 2.979 ' .2192013 1.08762
PHQ_Score 1.073406 .0401341 1.89 0.058 .9975578 1.155021
_:firf. . 846209 .0235011 -6.,05 ©0.080 .0170832 .1252088
Note: _cons estimates baseline odds.
Interpret and explain the inference of the results of the logistic regression model in the context
of the above output,

6. (a) Define the log-linear model. How to interpret the parameters of the log-linear model and how
they can be used to explain joint and conditional associations among variables? In what logistic
situation model and log-linear model is appropriate in categorical data analysis?

(b) The following table is taken from a report on the relationship between aspirin use (X) fmd
myocardial infarction (Y ) by the Physicians Health Study Research Group at Harvard Medical
School. The Physicians Health Study was a five-year randomized study testing whether re:gplar
L intake of aspirin reduces mortality from cardiovascular disease. Every other day, physicians
participating in the study took either on¢ aspirin tablet or 2 placebo. T he study was blind - the
hich type of pill they were taking.

7. (a)
()

(©

8. (2)
()

©

he study did not know w

physicians in t
ial Infarction

vl

— Myocard
[Growp [ ves |
Phecbo | 189

(i) Fit the independence model and c,h’eck the
results of {A7 — ). '
~ (i) For the saturated model rep
odds ratio.

10845

goodness of fit. Report {4f}. Interpret the

ort {A%Y}. . Show how to interpret these estimates using an

ed and unsaturated model. Provide an example to

linear modeling.
late the resi

lain the concept of a saturat
ontext of log-
-way tables. Calcu

Define and exp
illustrate its application in the ¢

Consider a log-linear model for three dual degrees of freedom for

the below models.
Model df &
X Y,2) e 137.93
(XY, Z) - g 131.96
(XY, YZ) - 7.91
120.36

,Y)

(XZ '
(XYZ) - 0.00
e expected frequencies satisfy the above-mentioned log-linear model.

Test the hypothesis that th
Select the based model, and explain the reasons behind it.

What is matched pair data? Briefly explain different models for matched pair data.
Consider a real-life example of a clinical trial assessing the effectiveness of a ne
ulate MoNemar's statistic.

treatment for patients with a specific medical condition. Calc
Treatment improved Treatmetit not improved
25

Control improved 20

Control not improved 30
Formulate the logistic regression model for binary matched p

components of the model, including the dependent variable, in
parameters. Explain how this model can capture the relationship betw

binary outcome.

w drug

28
air data. Define the key

dependent variables, and
cen the treatment and the




